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DISPLAY DEVICE 
BACKGROUND OF THE INVENTION 

1, Field Of the Invention 

The present invention relates to a display device which 
utilizes the subfield method to represent the brightness of 
halftones . 

2, Descri ption of the Related Art 

Currently, display devices equipped with plasma display 
panels (hereafter called "PDPs") or electroluminescence 
display panels (hereafter "ELDPs") as thin-type planar display 
panels are known. In these PDPs and ELDPs, the emission 
elements in each pixel have only two states, "emitting" and 
"non-emitting" . Hence in order to obtain brightnesses of 
halftones corresponding to an input image signal, the subfield 
method is used in grayscale driving (multi- gradation level 
driving) of the display panels. 

In the subfield method, an input image signal is 
converted into N bits of pixel data for each pixel, and the 
display period for one field is divided into N subfields 
corresponding to the N bits. To each subfield is allocated a 
number of emissions corresponding to the associated bit of the 
pixel data. When for example the logic level of one bit among 
the N bits is "1", emission is executed in the subfield 
associated with that bit, the number of times allocated to 
that subfield. On the other hand, when the logic level of the 
bit is "0", emission is not performed in the subfield 



associated with that bit- By means of this driving method, 
the brightness of halftones corresponding to the input image 
signal is represented by the sum of the number of times 
emission is executed in all the subfields within one field 
display period. 
SUMMARY OF THE INVENTION 

One object of this invention is to provide a display 
device which, in representing halftone brightness using the 
subfield method, can satisfactorily represent grayscales that 
fit to the vision characteristics of humans. 

According to one aspect of the present invention, there 
is provided an improved display device. Each field of an 
image signal is divided into a plurality of subfields. A 
display panel of the display device includes a plurality of 
pixel cells for each pixel. Grayscale display is performed by 
selectively causing emission in the pixel cells based on the 
image signal for each of the subfields. The display device 
includes a brightness frequency data circuit for generating 
brightness frequency data indicating a number of pixels having 
the same brightnesses in a brightness distribution for each 
field of the image signal. The display device also includes a 
controller for adjusting, for each of at least two brightness 
regions, a number of subfields for emission at each brightness 
within each brightness region, based on the brightness 
frequency data of the brightness concerned. 

According to another aspect of the present invention, 
there is provided another improved display device. A display 
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panel of the display device includes a plurality of pixel 
cells for each pixel. Each field of an image signal is 
divided into a plurality of subfields. The display device 
performs grayscale display by causing emission in the pixel 
cells of the display panel, in each of the subfields, based on 
pixel data of the pixels derived from the image signal. The 
display device includes a brightness frequency data circuit 
for generating brightness frequency data indicating a number 
of pixels having the same brightnesses in a brightness 
distribution for each field of the image signal. The display 
device also includes a logarithmic conversion circuit for 
performing logarithmic conversion processing on the brightness 
frequency data to generate logarithmic-converted brightness 
frequency data. The display device also includes a clipping 
circuit for generating level-limited brightness frequency data, 
by converting the logarithmic -converted brightness frequency 
data into a prescribed upper limit if the logarithmic- 
converted brightness frequency data exceeds the prescribed 
upper limit, and by converting the logarithmic -converted 
brightness frequency data into a prescribed lower limit if the 
logarithmic -converted brightness frequency data is smaller 
than the prescribed lower limit . The display device also 
includes a cumulative brightness frequency data circuit for 
obtaining cumulative brightness frequency data corresponding 
to each brightness level, by accumulating the level-limited 
brightness frequency data of each brightness level, in the 
order of increasing or of decreasing brightness levels. The 
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display device also includes a delimiter value generation 
circuit for determining a delimiter value for each neighboring 
subfields, based on the cumulative brightness frequency data. 
The display device also includes a driving controller for 
grayscale driving of the pixel cells through each of the 
subfields, which are set using the delimiter values. 

Other objects, aspects and advantages of the present 
invention will become apparent to those skilled in the art to 
which the present invention relates from the subsequent 
detailed description and the appended claims, taken in 
conjunction with the accompanying drawings. 
BRIEF DESCRIPTION QF THE DRAWINGS 

Fig. 1 shows a block diagram of a plasma display device 
according to one embodiment of the present invention; 

Fig. 2 illustrates conversion characteristic curves for a 
brightness level conversion circuit shown in Fig. 1; 

Fig. 3 illustrates a data conversion table and emission 
driving pattern table, used by a driving data conversion 
circuit shown in Fig. 1; 

Fig. 4 illustrates one example of an emission driving 
sequence when driving the PDF shown in Fig. 1; 

Fig. 5A to 5C is a set of drawings used to explain one 
example of operation of a logarithmic conversion circuit and 
clipping circuit shown in Fig. 1; 

Fig. 6A to 6C is a set of drawings used to explain 
another example of operation of the logarithmic conversion 
circuit and clipping circuit shown in Fig. 1; 
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Fig, 7 depicts a graph used to explain an operation of an 
accumulation circuit shown in Fig. 1; 

Fig. 8A shows the display brightness levels of an image 
actually displayed on the PDF when the image signal of Fig. 5A 
is input; and 

Fig. 8B shows the display brightness levels of an image 
actually displayed on the PDF when the image signal of Fig. 6A 
is input . 

DETAILED DESCRIPTION OF THE INVENTION 

Below, embodiments of the present invention will be 
described, referring to the drawii^gs . 

Referring to Fig. 1, the configuration of a display 
device equipped with a plasma display panel according to one 
embodiment of the present invention is described. 

In Fig. 1, the PDF (plasma display panel) 100 includes a 
front substrate (not shown) which serves as the display face 
(display screen), and a back substrate (not shown) arranged in 
a position facing the front substrate. The front and back 
substrate enclose a discharge space therebetween, which is 
filled with a discharge gas. On the front substrate are 
formed strip-shaped row electrodes to and row electrodes 

to Y^, arranged in alternating parallel rows. On the back 
substrate are formed strip- shaped column electrodes D^ to D„, 
arranged so as to intersect with the row electrodes X^ to X^ 
and Yi to Y„. The row electrodes X^ to X^^ and Y^ to Y^ are 
structured such that each of the first through nth display 
lines of the POP 100 is defined by a pair of row electrodes X 
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and Y, and a discharge cell G serving as part of a pixel is 
formed at the intersection (including the discharge space) of 
each row electrode pair with each column electrode. That is, 
in the PDP 100, a matrix of (n x m) discharge cells i, to 
^(n,in) formed. 

The pixel data conversion circuit 1 converts an input 
image signal into, for excunple, 8 bits of pixel data PD which 
represent the brightness levels of the respective pixels. The 
pixel data are supplied to the brightness level conversion 
circuit 2 and brightness cumulative frequency computation 
circuit 3 • 

The brightness level conversion circuit 2 converts the 
pixel data PD, which uses 8 bits to represent brightness 
levels from "0" to "255", into pixel data PDl which uses 8 
bits to represent brightness levels from "0" to "192" 
according to the conversion characteristic curves shown in Fig. 
2, based on average SF delimiter values CSl to CS12 (will be 
described) . The pixel data PDl are supplied to the multi- 
grayscale processing circuit 4. 

The multi-grayscale processing circuit 4 performs error 
diffusion processing and dither processing on the 8 -bit pixel 
data PDl. For example, in the error diffusion processing, the 
upper 6 bits of the pixel data PDl are regarded as display 
data, and the remaining lower 2 bits are regarded as error 
data. The error data among the pixel data PDl corresponding 
to the surrounding pixels are weighted and reflected in the 
display data. Through this operation, the brightness of the 
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lower 2 bits of each original pixel Is pseudo- represented by 
the surrounding pixels, and consequently only 6 bits of 
display data, fewer than the original 8 bits, can represent 
brightness grayscales equivalent to the 8 bits of pixel data. 
Then, the 6 bits of error-diffused pixel data obtained by this 
error diffusion processing are subjected to dither processing. 
In dither processing, a plurality of neighboring pixels are 
regarded as one pixel unit, and dither coefficients consisting 
of different coefficient values are allocated and added to the 
error-diffused pixel data corresponding to the respective 
pixels within one pixel unit, to obtain dlther-added pixel 
data. By adding these dither coefficients, when one pixel 
unit Is viewed, brightness equivalent to 8 bits can be 
represented using only the upper 4 bits of the dlther-added 
pixel data. Hence, the multl- grayscale processing circuit 4 
supplies the upper 4 bits of the dlther-added pixel data to 
the driving data conversion circuit 5 as multl -grayscale pixel 
data MD. 

The driving data conversion circuit 5 converts the multi- 
grayscale pixel data MD Into 12 bits of pixel driving data GD 
according to a data conversion table shown In Fig. 3, and 
supplies the result to the memory 6 . 

The memory 6 receives and stores 12 -bit pixel driving 
data GD. Each time the writing of one frame's worth (n rows x 
m columns) of pixel driving data GD^ 3^ to GDj, j„ ends, the memory 
6 separates each of the pixel driving data GD^ ^ to GD^ Into 
bits (first through 12th bits), finds the corresponding 
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subflelds SFl to SF12, and reads one display line at a time. 
The memory 6 supplies the pixel driving data bits for one 
display line (m bits) to the column electrode driving circuit 
7 as pixel driving data bits DBl to DBm. For example, in the 
subfield SFl, the memory 6 reads the first bit only of each of 
the pixel driving data GD^ ^ GD^^ro display line at a 

time, and supplies the group of the first bits to the column 
electrode driving circuit 7 as pixel driving data bits DBl to 
DBm. Next, in the subfield SF2, the memory 6 reads the second 
bit only of each of the pixel driving data GD^ ^ to GD^^ni 
one display line at a time, and supplies the group of second 
bits to the column electrode driving circuit 7 as pixel 
driving data bits DBl to DBm. 

The brightness cumulative frequency computation circuit 3 
includes the brightness frequency data generation circuit 31, 
logarithmic conversion circuit 32, clipping circuit 33, and 
accumulation circuit 34. 

The brightness frequency data generation circuit 31 
includes 256 storage regions, associated with the 256 
brightness levels from "0" to "255" which can be represented 
by the pixel data PD. Each of the 256 storage regions stores 
the total number of times pixel data PD representing the 
associated brightness level has been supplied, that is, the 
frequency. For example, each time pixel data PD is supplied 
from the pixel data conversion circuit 1, the brightness 
frequency data generation circuit 31 increments by 1 the 
frequency stored in the storage region corresponding to the 
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brightness level represented by the pixel data PD. Then, for 
each field of the input image signal, the brightness frequency 
data generation circuit 31 supplies, to the logarithmic 
conversion circuit 32, brightness frequency data DFq to DF255 
respectively representing the frequencies for the brightness 
levels from "0" to "255" generated by one field's worth of 
pixel data PD. 

The logarithmic conversion circuit 32 performs the 
logarithmic conversion processing, indicated by the equation 
below, on each of the brightness frequency data DFq to DF255, 
and supplies the resulting logarithmic -converted brightness 
frequency data DLq to DL255 to the clipping circuit 33. 
DL = logslDF] 

The clipping circuit 33 performs level limiting 
processing on each of the logarithmic -converted brightness 
frequency data DLq to DL255, using bottom clipping values Cg and 
top clipping values Crp {C^<C^) , and supplies the resulting 
level -limited brightness frequency data DLL© to DLL255 to the 
accumulation circuit 34. Specifically, the clipping circuit 
33 converts the logarithmic -converted brightness frequency 
data DL into the bottom clipping value Cg when the data DL is 
smaller than the bottom clipping value Cg, and takes the result 
as the level-limited brightness frequency data DLL. The 
clipping circuit 33 converts the logarithmic -converted 
brightness frequency data DL into the top clipping value C.^ 
when the data DL is greater than the top clipping value C^, and 
takes the result as the level -limited brightness frequency 
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data DLL. When the logarithmic -converted brightness frequency- 
data DL is smaller than the top clipping value and also 
greater than the bottom clipping value Cg, the data DL is taken 
without change to be the level -limited brightness frequency 
data DLL. The clipping circuit 33 determines the average 
value of each of the logarithmic -converted brightness 
frequency data DLq to DL255, and uses the result as the bottom 
clipping value Cg. If the difference between neighboring 
average SF delimiter values CS, that is, the range of display 
brightnesses for one subfield (brightness division or 
brightness region or extent of brightnesses) exceeds a 
predetermined limit value, the clipping circuit 33 modifies 
the top clipping value Ccp so that the difference between the 
neighboring average SF delimiter values CS is within the 
predetermined limit value . 

The accumulation circuit 34 performs sequential addition 
of each of the level-limited brightness frequency data DLLq to 
DLL255 starting from the lowest level of brightness (or from 
the highest level of brightness), and determines each addition 
result as the cumulative brightness frequency data ACq to AC255 
associated with the brightness levels "0" to "255" 
respectively. That is, the accumulation circuit 34 performs 
the computations shown below: 



ACo = DLLo 
ACi = DLLq + DLLi 
AC2 = DLLq + DLLi + DLL2 

10 



AC255 = J^LLq + DLLi + DLL2 + DLL3 + ... + DLL255 

As a result, the accumulation circuit 34 provides the 
cumulative brightness frequency data ACq to AC255 indicating the 
cumulative frequencies of brightnesses corresponding to the 
brightness levels "0" to "255". The accumulation circuit 34 
supplies these cumulative brightness frequency data ACq to AC255 
to the SF (subfield) delimiter value generation circuit 8. 

The SF delimiter value generation circuit 8 first 
determines whether the value (frequency) of the cumulative 
brightness frequency data AC (each of ACq to AC255) is greater 
than each of thresholds Rl to Rll (Rl < R2 < R3 < R4 < R5 < R6 
< R7 < R8 < R9 < RIO < Rll) in the order of the cumulative 
brightness frequency data ACq to AC255. In this operation, the 
SF delimiter value generation circuit 8 supplies the 
brightness level associated with that cumulative brightness 
frequency data AC which is first determined to be larger than 
the first threshold Rl , to the averaging circuit 9 as the SF 
delimiter value SI . The SF delimiter value SI is a value to 
delimit the subfields SFl and SF2 . Then, the SF delimiter 
value generation circuit 8 supplies the brightness level 
associated with the cximulative brightness frequency data AC 
which is first determined to be larger than the threshold 
value R2 , to the averaging circuit 9 as the SF delimiter value 



S2. The SF delimiter value S2 is a value to delimit the 
subfields SF2 and SF3 . The SF delimiter value generation 
circuit 8 supplies the brightness level associated with the 
cumulative brightness frequency data AC which is first 
determined to be larger than the threshold value R3 to the 
averaging circuit 9 as the SF delimiter value S3, which 
delimits the subfields SF3 and SF4 . In a similar manner, the 
SF delimiter value generation circuit 8 determines the SF 
delimiter values S4 to Sll for the subfields SF4 to SF12 and 
supplies the delimiter values to the averaging circuit 9. 

The averaging circuit 9 performs individual averaging of 
the SF delimiter values SI to Sll and supplies the obtained 
averaged subfield delimiter values CSl to CSll to the 
brightness level conversion circuit 2 and driving control 
circuit 10, For example, the averaging circuit 9 includes a 
cyclic low-pass filter. The averaging circuit 9 performs 
cyclic low-pass filtering, using the SF delimiter value SI 
generated based on the image signal for the previous field and 
the SF delimiter value SI generated based on the image signal 
for the current field, and supplies the resulting value, as 
the averaged SF delimiter value CSl, to the brightness level 
conversion circuit 2 and driving control circuit 10. The 
averaging circuit 9 also performs cyclical low-pass filtering, 
using the SF delimiter value S2 generated based on the image 
signal for the previous field and the SF delimiter value S2 
generated based on the image signal for the current field, and 
supplies the resulting value, as the averaged SF delimiter 
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value CS2, to the brightness level conversion circuit 2 and 
driving control circuit 10, The averaging circuit 9 also 
perforins cyclical low-pass filtering, using the generated SF 
delimiter value S3 based on the image signal for the previous 
field and the generated SF delimiter value S3 based on the 
image signal for the current field, and supplies the resulting 
value, as the averaged SF delimiter value CS3, to the 
brightness level conversion circuit 2 and driving control 
circuit 10. Similarly, the averaging circuit 9 performs the 
cyclical low-pass filtering individually for each of the SF 
delimiter values S4 to Sll, and supplies the averaged SF 
delimiter values CS4 to CSll to the brightness level 
conversion circuit 2 and driving control circuit 10. 

The driving control circuit 10 supplies various timing 
signals to the column electrode driver circuit 7 , row 
electrode Y driver circuit 11 and row electrode X driver 
circuit 12, for the purpose of grayscale driving of the PDF 
100 according to an emission driving sequence shown in Fig. 4, 
based on the subfield method. 

In the emission driving sequence shown in Fig. 4, the 
display period for one field is divided into the subfields SFl 
to SF12. In each subfield, an addressing process W and a 
sustain process I are executed in sequence. At the beginning 
of subfield SFl only, a reset process R is executed prior to 
the addressing process W. In the final subfield SF12 only, an 
erase process E is executed after the sustain process I . 
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In the reset process R at the beginning of the subfield 
SFl, the row electrode Y driving circuit 11 and row electrode 
X driving circuit 12 apply reset pulses to all the row 
electrodes X and Y. In response to the reset pulses, reset 
discharge occurs in all the discharge cells G, and a certain 
amount of wall charge is formed in each discharge cell G. In 
this way, all the discharge cells G are set in a lighting mode, 
which is a state in which sustain-discharge emission is 
possible in a sustain process I . 

In the addressing process W of each of the subfields, the 
row electrode Y driving circuit 11 applies scanning pulses in 
sequence to each of the row electrodes Y^ to Y^ of the PDP 100. 
During this time, the column electrode driving circuit 7 
applies, to the column electrodes D^^ to Dj„, the m pixel data 
pulses of one display line according to the pixel driving data 
bits DBl to DBm, in sync with the scanning pulse timing. The 
pixel driving data bits DBl to DBm are read from the memory 6 . 
Erase (or extinction or elimination) address discharge occurs 
only in those discharge cells to which the scanning pulse and 
the high- voltage pixel data pulse are both applied. By means 
of the erase address discharge, the wall charge formed within 
the discharge cell is eliminated (dissipated), and the 
discharge cell is set to an extinction mode, which is a state 
in which emission-sustaining discharge (or sustained-discharge 
emission) does not occur in the sustain process I. On the 
other hand, the erase address discharge does not occur in 
discharge cells to which a low-voltage pixel data pulse is 
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applied, even If the scanning pulse Is applied, and the 
Immediately preceding state (lighting mode or extinction mode) 
is maintained. 

In the sustain process I of each of the subflelds, the 
row electrode Y driving circuit 11 and row electrode X driving 
circuit 12 repeatedly generate sustain pulses throughout the 
emission period determined by the weighting of the subfield 
concerned, and apply the sustain pulses to all the row 
electrodes X and Y in alternation. At this time, sustain- 
discharge emission occurs only in those discharge cells G set 
to the lighting mode upon application of the sustain pulses. 

If the driving scheme shown in Fig. 3 and Fig. 4 is 
employed, the possibility for transition of a discharge cell 
from the extinction mode to the lighting mode in the subflelds 
SFl to SF12 is limited only to the reset process R in the 
subfield SFl. Therefore, if the erase address discharge 
occurs only in one subfield among the subflelds SFl to SF12, 
and a discharge cell G is set to the extinction mode, the 
discharge cell G can never be restored to the lighting mode in 
the subsequent subflelds. Hence, when driving is executed 
based on the 13 types of pixel driving data GD as shown in Fig. 
3, the discharge cell G is set to the lighting mode in a 
number of continuous subflelds corresponding to the brightness 
to be represented. During the time until the erase address 
discharge (Indicated by black circles) occurs, continuous 
sustained-discharge emission (indicated by white circles) is 
induced in the sustain processes I of such subflelds. 



Through the above -described driving, brightness 
corresponding to the total emission period of sustained- 
discharge emission occurring within one subfield period is 
perceived. That is, through the 13 emission patterns shown in 
Fig. 3, the intermediate brightness levels of 13 grayscales, 
corresponding to the sum of the emission periods of the 
sustain processes I in the subfields indicated by the white 
circle, can be represented. 

As shown in Fig. 4, although the period ratios among the 
emission periods Kl to K12 of the sustain processes I of the 
subfields SFl to SF12 is maintained to be equal to the 
weighting ratios of the display brightness of the subfields 
SFl to SF12, the actual emission periods are modified by the 
averaged SF delimiter values CSl to CSll. Specifically, the 
driving control circuit 10 sets the emission period K to be 
large for a subfield if the difference between neighboring 
delimiter values CS is relatively large for that subfield, 
that is, if the range of display brightnesses (brightness 
division, brightness region, or extent of brightness) of that 
subfield is relatively large. 

The modified allocation operation for the subfields of 
the plasma display device of Fig. 1 is described below, 
referring to the examples shown in Fig. 5A through Fig, 5C and 
Fig. 6A through Fig. 6C. 

Each of Fig. 5A and Fig. 6A shows the frequency 
distribution of brightness in the image signal for one field. 
In the brightness frequency distribution shown in Fig. 5A, 
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only one frequency peak exists within the low brightness 
region a below brightness level "128". On the other hand. In 
the brightness frequency distribution shown In Fig. 6A, a 
small frequency peak exists In the high brightness region b. 
In addition to one frequency peak In the low-brightness region 
a. The brightness frequency data generation circuit 31 
generates brightness frequency data DFq to DF255 expressing the 
frequency distribution of the brightnesses shown In Fig. 5A 
(or Fig. 6A) . The logarithmic conversion processing Is 
performed on the brightness frequency data DFq to DF255 using 
the logarithmic conversion circuit 32. The logarithmic- 
converted brightness frequency data DLq to DL255, expressing the 
frequency distribution shown In Fig. 5B (or Fig. 6B), Is thus 
obtained. By means of this logarithmic conversion processing, 
the peak value appearing In the low brightness region a shown 
In Fig. 6A drops as shown In Fig. 6B, whereas the peak value 
appearing In the high brightness region b rises as shown in 
Fig. 6B. In other words, extremely large frequency peak 
values are suppressed, and extremely small frequency peak 
values are emphasized. Next, logarithmic -converted brightness 
frequency data DLq to DL255 expressing a frequency distribution 
as shown in Fig. 5B (or Fig. 6B) is subjected to level- 
limiting processing by the clipping circuit 33 based on the 
bottom clipping value Cg and top clipping value Cp, to obtain 
level-limited brightness frequency data DLLq to DLL255 
expressing a frequency distribution, as shown in Fig. 5C (or 
Fig. 6C). 



The above described operation of the logarithmic 
conversion circuit 32 and clipping circuit 33 prevents the 
occurrence of a larger number of subfields than necessary 
being allocated for emission in a brightness region (for 
example, the low- brightness region a) containing a large 
frequency peak. Further, a desired number (at least certain 
number) of subfields are allocated for emission of brightness 
regions (for example, the high-brightness region b) containing 
small frequency peaks . 

After Fig. 5C (or Fig. 6C), the accumulation circuit 34 
performs the accumulation processing on the level-limited 
brightness frequency data DLLq to DLL255 of Fig. 5C (or Fig. 6C). 
As a result, cumulative brightness frequency data ACq to AC255 
indicating the cumulative frequencies corresponding to the 
brightness levels "0" to "255" are obtained, as shown in Fig. 
7. In this operation, the SF delimiter value generation 
circuit 8 takes the brightness level at which the cumulative 
frequency, indicated by the cumulative brightness frequency 
data ACq to AC255, is greater than the threshold Rl to be the SF 
delimiter value SI, the brightness level at which the 
cumulative frequency is greater than the threshold R2 to be 
the SF delimiter value S2, and so on, as shown in Fig. 7. 
Finally, the brightness level at which the cumulative 
frequency is greater than the threshold Rll is taken to be the 
SF delimiter value Sll, as shown in Fig. 7. The averaging 
circuit 9 averages each of the SF delimiter values SI to Sll 
individually to obtain the averaged SF delimiter values CSl to 
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CSll. Through this averaging, abrupt changes in grayscales 
are suppressed, and so the occurrence of flicker is restrained. 

The brightness level conversion circuit 2 executes 
brightness level conversion of the pixel data PD using the 
conversion characteristic represented by the averaged SF 
delimiter values CSl to CSll. That is, in the brightness 
level conversion circuit 2, first the brightness range from 
"0" to "255" expressed by the input image signal is divided 
into 12 brightness regions YRl to YR12, corresponding to the 
subfields SFl to SF12, as shown in Fig. 2. Then, brightness 
levels at the boundaries between neighboring brightness 
regions YR are extracted, and a conversion characteristic 
curve is adopted such that the values after conversion, PDl, 
which correspond to the extracted brightness levels, match the 
averaged SF delimiter values CSl to CSll, respectively. 
Brightness level conversion of the pixel data PD is then 
executed. 

By means of this brightness level conversion, a larger 
number of subfields are allocated to a brightness range 
(brightness region) in which the frequency, indicating the 
number of occurrences of the same brightness in pixel data for 
one field, is high, and a smaller number of subfields are 
allocated to a brightness range with lower frequency. For 
example, if the brightness frequency distribution of the image 
signal for one field is as shown in Fig. 5A, a conversion 
characteristic curve indicated by the dashed line in Fig. 2 is 
adopted in the brightness level conversion circuit 2. Based 



on the pixel data PDl converted using this conversion 
characteristic curve, for example, the eight subfields SFl to 
SF8 are allocated for driving the low brightness region a 
shown in Fig. 5A, and four subfields SF9 to SFl 2 are allocated 
for driving the high brightness region b. Fig. 8A shows the 
display brightness levels of an image actually displayed on 
the PDF 100 in response to an input image signal, when such 
modified subfield allocation is employed. 

On the other hand, when the brightness frequency 
distribution of one field's worth of an image signal is as 
shown in Fig. 6A, a conversion characteristic curve shown by 
the solid line in Fig. 2 is used in the brightness level 
conversion circuit 2 . Based on the pixel data PDl converted 
using this conversion characteristic curve, for example, the 
seven subfields SFl to SF7 are allocated for driving the low 
brightness region a shown in Fig. 6A, and the five subfields 
SF8 to SF12 are allocated for driving the high brightness 
region b. Fig. SB shows the display brightness levels for an 
image actually displayed on the PDP 100 in response to an 
input image signal, when such subfield allocation is employed. 

As described above, for at least two brightness regions, 
the number of subfields employed for emission at respective 
brightness levels within each brightness region is adjusted, 
based on brightness frequency data indicating the frequencies 
of the same brightness in a brightness distribution for each 
of fields of an input image signal. By this adjustment 
operation, the higher the frequencies of brightnesses 



contained in a brightness region, the greater Is the number of 
subflelds allocated to the brightness region, so that 
satisfactory grayscale representation appropriate to the 
vision characteristics of humans Is achieved. Further, when 
there Is an extremely high frequency In a particular 
brightness region, the logarithmic conversion circuit 32 and 
clipping circuit 33 prevent a greater number of subflelds than 
necessary from being allocated to that brightness region 
(division/section). As a consequence, an appropriate number 
of subflelds are allocated to a low- frequency brightness 
region, and satisfactory grayscale representation is achieved. 

This application is based on a Japanese Patent 
Application No. 2003-28181, and the entire disclosure thereof 
is incorporated herein by reference. 
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